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(54) COMPOSITION FOR ELECTROLYTE, ELECTROLYTE AND PROCESS FOR PRODUCING THE 
SAME, AND CELL CONTAINING THE SAME 



(57) A negative electrode (11) and a positive elec- 
trode (12) are arranged facing each other with an elec- 
trolyte (13) set between. The electrolyte (13) is obtained 
through polymerizing compounds for an electrolyte 
including compounds having ether linkages and func- 
tional groups capable of forming crosslinks, a siloxane 
derivative, and lithium salt. The compounds having 



ether linkages and functional groups capable of forming 
crosslinks form a three-dimensional network structure 
by polymerization. The siloxane derivative and lithium 
salt are compatible with the structure. This maintains 
high ability to be formed a film of great film strength, 
while increasing ion conductivity. 
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Description 
TECHNICAL FIELD 



tJ*'® "^'^'^ *° ^ compound for an electrolyte including a polymer compound and electro- 

lyte salt T»,e .nventon also relates to an electrolyte, a p««ess for producing tl,e sle^d a batterTSgTe SST 
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10 [0002] Recently, portable electrical products, such as a camcorder (video tape recorder) a cellular ohone and a 
.^fo^p^puter.arespreadingquic.dy. such electrical 

ShH- f petrochemical devices such as a secondary battery utilize a liquid electrolyte obtained 

ft^ghd^Mng electrolyte salt in. for example, wateror flammable org^^ 

^T.^TrV-"'^^"''''!''''''^^'' ^"^"^ ^'^ ^ '^^"9. it is necessary to ensurTSurt^SmesTby 
Set™ ^ electrochemical device general^ becomes heavieTand has the^ei T^of 

po^e form features. Furthemiore. the sealing pmcess is usually complicated. Research has been^rS nSde 

trolytes abo have several other advantages, that is. simplified sealing process, lighter device and the Srjfte 
form selection due to the excellent ability of polymer to be molded into films ^ 

^^ZH ^ T dBSOciatKJn power and has two functions: keeping this ion conductive solid in solid 

state and behaving as a solvent for electrolyte salt Armand et al. at the Grenoble UnLrslty (France) mdra reJ^rt on 
an example of the solid electrolytes in 1978: they achieved the ion conductivity 

where Irthiumperchlorate was dissolved in polyethylene oxide. Since then.a>«riety of po^^^^^^^ 
ined actively, especially a polymer having a polyether linkage. 

[0005] The solid electrolyte utilizes a normal chain polyether typified by polyethylene oxide as a matrix This tvne of 

SSI M P°'"' °* '"^t'^ PoV^er by the local segment movement of a Jolymer cSi 

Sl, . . • , »• r"'"'"^ -"atrix such asTSS^e oxide 

o^^r^^'^''"^'"'! '"^^ coordinated by the interactfon with the polymer c^atTTZs a 

0007] In one molecular design, a branch structure is introduced into the polyethylene oxide frame in an attemnt to 

rtS:rporerSra^x^^^ 

eni KUDiication No. 5-25353). However, since alkali metal salt is not dissolved in a monomer verv well sufficient inn rnn 
ductmty cannot be achieved. Therefore, it is necessary to obtain an alternative soli5T(^oZ 

45 DISCLOSURE OF THE INVENTION 
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[0013] In the electrolyte according to the present invention, the high-molecular compound and the dissociated elec- 
trolyte salt are compatible with the compound in which compounds having ether linkages and crosslinking groups are 
crosslinked by the crosslinking groups. This enables the electrolyte to achieve high ion conductivity. 
[001 4] A process for producing an electrolyte according to the present invention involves: mixing crosslinkable com- 
5 pounds having ether linkages and functional groups capable of forming crosslinks, a high-molecular compound, and 
electrolyte salt; and crosslinking the crosslinkable compounds. 

[001 5] In the process for producing an electrolyte according to the present invention, crosslinkable compounds hav- 
ing ether linkages and functional groups capable of forming crosslinks, a high-molecular compound, and electrolyte salt 
are mixed, and the crosslinkable compounds are crosslinked. 

10 [0016] Another process for producing an electrolyte according to the present inventfon Involves: mixing crosslinka- 
ble compounds having ether linkages and functional groups capable of forming crosslinks, and a high-molecular com- 
. pound; crosslinking the crosslinkable compounds; and adding electrolyte salt. 

[001 7] In the process for producing an electrolyte according to the present invention, crosslinkable compounds hav- 
ing ether linkages and functional groups capable of forming crosslinks, and a high-molecular compound are mixed, and 

IS the (Crosslinkable compounds are crosslinked. After that, electrolyte salt Is added. 

[0018] A battery according to the present invention comprises a positive electrode and a negative electrode, and 
an electrolyte, wherein the electrolyte comprises a compound in which compounds having ether linkages and crosslink- 
ing groups are crosslinked by the crosslinking groups, a high-molecular compound, and electrolyte salt. 
[001 9] The battery according to the present invention discharges as Ions dissociated from the electrolyte salt move 

20 In the electrolyte between the negative electrode and the positive electrode. The battery including the electrolyte 
according to the present invention, exhibits high ion conductivity and has high performance. 
[0020] Other and further objects, features and advantages of the invention will appear more fully from the following 
description. 

25 BRIEF DESCRIPTION OF THE DRAWING 
[0021] 

Fig. 1 is a sectional view illustrating the composition of a secondary battery using an electrolyte according to one 
30 embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] Embodiments of the present invention will now be described below in detail. 

35 [0023] An electrolyte according to one embodiment of the present invention includes a compound having a three- 
dimensional network structure in which compounds having ether linkages and crosslinking groups are crosslinked by 
the crosslinking groups, a high-molecular compound, and electrolyte salt. The reasons why the electrolyte includes a 
- crosslinked compound having a three-dimensional network structure are as follows: if the electrolyte includes only a 
high-molecular compound, the electrolyte cannot form a film since a high-molecular compound exhibits fluidity as the 

40 molecular weight of the high-molecular compound reduces; moreover, It is also difficult to obtain sufficiently great film 
strength even if the high-molecular compound is of high molecular weight. In other words, the purpose of the 
crosslinked compound having a three-dimensional network structure Is that the three-dimensional network structure is 
compatible with a high-molecular compound and electrolyte salt to ensure the ability to be fonned into a film and great 
film strength. 

45 [0024] Among the crosslinked compound is a compound having a structure In which at least either normal chain 
compounds or comb compounds are crosslinked by crosslinking groups. The crosslinked compound may include a side 
chain. Furthermore, it is sufficient that the crosslinked compound has a structure in which compounds including linear 
atom an-angement at least in part are crosslinked. The crosslinked compound is not limited to compounds in which lin- 
ear compounds are crosslinked. The crosslinked compound may have a structure in which compounds having cyclic 

50 atom arrangement in part are crosslinked. That is, the crosslinked compound may have a cyclic atom arrangement in 
its main chain or in its side chain. 

[0025] It is sufficient that the crosslinked compound is a compound in which compounds having at least one 
crosslinking group are crosslinked. The position of a crosslinking group is not limited. For example, if normal chain com- 
pounds are crosslinked. it is acceptable that compounds having crosslinking groups at both ends are crosslinked, or 
55 that compounds having crosslinking groups at one end are crosslinked. If comb compounds are crosslinked, it is 
acceptable that compounds having crosslinking groups at least at one end are crosslinked. In short, it Is sufficient that 
the crosslinked compound forms a three-dimensional network structure compatible with a high-molecular compound 
and electrolyte salt. 
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[0026] To achieve higher .on conductivity, however, it is preferable that the crosslinked compound has a structure in 
Which ^mpounds having no crosslinking groups but at least one free end including an ether finkage. This introduces a 
branched structure into the three<Jimenstonal network structure and thus the threeKlimensional network structure 

^ISJT ^ '"""^'"^ ^ "'^"^ ""•^9"- ^' ^P'«- « <=hai" compounds are 

™ ^T' H crosslinked compound has a stnicture in which compounds having crosslinking 

InTJ f "? are crosslinked. in addition to a structure in which compounds having crosslinking groups at both 
" """" ^ crosslinked. it is preferable that the crosslinked compound haV a struc- 

t f . ^ """" ~""P°""'^s crosslinked. it is preferable that the crosslinked compound has 

a suucture in which nomial chain compounds having crosslinking groups at one end are crosslinked or a structure in 
which comb compounds having at least one free end with no crosslinking groups are crosslinked. 
[002^ The crosslinked compound may also have a crosslinked structure of any linkages including ether llnkaqes 
^ter linkag^or urethan linkages. For example, the crosslinked compound may be a compound having a crSS 

rality of different crosslinked structures are included in one compound 

Ster'JL^nJT^ ^ «""P°""* to specific, a compound having a crosslinked structure in which 

mZlT ^ ""^T"^ *^ ^\mng groups: preferably a compound having a structuro in which at leaVt 
erther monoester compounds, diester compounds or triester compounds are crosslinked. For example, compouni 
having structures in which diester compounds are croslinked Include a compound having a structuZ 

'^Z^T.ZT"' Tr corresponding to a general formula shown'later in ChemiiS SrS^I 

are crosslinked by crosslinking groups. 

KL,l"„!l!i^^" ^'f^T^' '^'^^"^'^ «""P°""d '"eludes a structure in which monoester compounds 
^^"^ ^^""^"'^ corresponding to a general fomiula shown later in Chemical Formula 2. in ildition 
to a structure in which diester compounds corresponding to the general formula shown in Chemical Fbmiula 1 As men- 
tioned above. th« introduces a free-end side chain including an ether linkage, which contributes to ton «nduc- 

E ^'^ '"" ^ ^"^"'^ compounds are crosslinked by crosslinking groups and a struc- 

S^lTd.l h'IIT "^""^Tf groups, preferably, a weight ratio of moncS^^^r 

compounds to diester compounds (monoester compounds/dlester compounds) is in a range ^m 0 exclusive to 5 0 
inclusn^e. The reason fe as follows: if there are few structures in whfch diester compounds arTrrossSkS^ Sr^ 
dimensional network structure cannot be fomied; on the other hand, there are few structures i^Smonliter^- 
p^ui^arocrosslinked.theroarofewfree-endside Chains Wud^getherl^^^^ 

^ E , ^^^'"^ ^ ^''"'^'"'^ compounds are crosslinked is a compound 

S tT^^ :t '^■^P°""^ '"'^•"'^'"g ^ oxyalkylene stmctura corresponding to a general foZa 
shown later in Chemical Formula 3 are crosslinked by crosslinking groups ^' a a erdiionnuia 

nnif L compound con-esponding to Chemteal Formula 3. a composition ratio between an oxyethylene 

unit and an oxypropylene unit is not partfcularly limited, but preferably in a range of 0.l2q/ps4 If there are 
oxyethytene unite, mechantoal strength of thecrosslinkedcompounddecreases: too many o^^^^^^ 

ZtSnTr"? """^ ^"'^ "'^""^'^"^ ""'■'^ -"^ bond JinfbSS^^n oTfn trS.- 

dom fashion, and preferably in a random fasion. ■ »■ « ■ «» ica i 

S!^«Lor '^^ ^ " P'®'^'^'^ ♦^^^ "'^ crosslinked compound has a structure in which 

^ ^ compounds corresponding to a general formula shown in^eml 

calFbmiula 3 are crosslinked by crosslinking groups. "wmnonemi- 
10034] Another example of the crosslinked compounds is a compound having a structure in whfch copolvmera 

^aZT i i^'Ti T crosslinking groups. In this compound, the structural unit corrLpondrg 

SJ!? . '"J^° copolymer, a composition ratio between structural units corresponding to Chemfcal ftrmula 4 and 

TJZIZ mm- T f^^P°"d'"9 to Chemfcal Fbmiula 5 may be bonded in a block fSifon or in a ^ 
J^^f ^ .coPolynier. a functional group capable of fomiing a crosslink is an active hydrogen grouo LTa 

an aiiyt group, a vinyl group, an acrylate group, a metacrylate group, and a functtonal group having a cyctoolefinX! 
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[0036] Specifically, a preferable example of crossllnked compounds having such structures is a compound in which 
copolymers corresponding to a general formula shown later In Chemical Formula 6 are crossllnked t}y crosslinking 
groups. The copolymer corresponding to Chemical Formula 6 includes structural units corresponding to Chemical For- 
mula 4 wherein k equals to 2 and R^q ^ ^ methyl group, structural units corresponding to Chemical Formula 5 wherein 

5 Is a hydrogen atom, and structural units corresponding to Chemk:al Formula 5 wherein R^^ is an ally! group. 

[0037] For the crossllnked compound, a plurality of compounds having different structures may be mixed and used. 
For example, it Is acceptable to mix and use a compound having a structure in which ester compounds corresponding 
to Chemical Formula 1 are crossllnked and a compound having a structure in which copolymers including structural 
units corresponding to Chemical Formula 4 and structural units corresponding to Chemical Formula 5 are crossllnked. 

10 [0038] The purpose of a high-molecular compound is to dissolve electrolyte salt. An example of the high-molecular 
compound a chain siloxane derivative corresponding to (SiOCH3R)n which has a chain bond between silicon (Si) and 
oxygen (O) as a base frame with a side chain group R added to silicon. In this case, a substltuent or a side chain group 
R is a monovalent organic group. Selection of an appropriate side chain group R forms a structure capable of dissolving 
electrolyte salt. It is therefore preferable that an average molecular weight of the siloxane derivative be smaller than or 

IS equal to 100000. 

[0039] This siloxane derivative requires not only the ability to dissolve electrolyte salt effectively but also high com- 
patibility with a compound in which compounds having ether linkages are crossllnked by crosslinking groups. Thus, 
preferably, the siloxane derivative includes an ether linkage in the substituent or a side chain group R. Among such side 
chain groups R are an alkoxy group such as an ethoxy group, a propoxy group, a butoxy group or a methoxy group. 
20 Hydrogen in the side chain group R may be substituted by a halogen such as boron or fluorine. 

[0040] A preferable example of such siloxane derivatives corresponds to a general formula shown later in Chemical 
Fbnnula 7. 

[0041 ] The purpose of the electrolyte salt is to exhibit ion conductivity through dissociation. The electrolyte salt cor- 
responds to a general formula shown later in Chemical Formula 8. 

25 [0042] An example of the electrolyte salt is a light metal salt, and selected according to applications from, specifi- 
cally, alkali metal salt e.g. lithium (Li) salt, sodium (Na) salt, and potassium (K) salt, alkaline earth metal salt e.g. calcium 
(Ca) salt and magnesium (Mg) salt. Among lithium salt are LiCI04, LiBF4. LiPFg, LiAsFs, LiAIC^, LiSbFe, LiCFa SO3. 
LiN (CF3S02)2, LiC4 F9 SO3. LiCFa COg. UN (CF3C02)2. Among sodium salt are NaCI04, NaBF4, NaSCN. Among 
potassium salt is KBF4. Any one sort, or two or more sorts thereof are mixed in use. 

30 [0043] As to a ratio between the crossllnked compound and the high-molecular compound, if a siloxane derivative 
is used as the high-molecular compound, it Is preferabe that the crossllnked compound be used in a range from 10 to 
10000 parts both inclusive by weight to 100 parts by weight of the siloxane derivative. If the crossllnked compound is 
less than 10 parts by weight, sufficient film strength cannot be obtained. If the crossllnked compound is more than 
10000 parts by weight, the film can be fragile or hard. However, these conditions may vary depending on the molecular 

35 weight of the siloxane derivative or the application of the electrolyte. 

[0044] As to a ratio between the crossllnked compound and the electrolyte salt, it is preferable that a ratio of the 
number of moles of the electrolyte salt to the number of moles of the ether linkage unit In the crosslinked compound 
(the number of moles of the electrolyte salt/the number of moles of the ether linkage unit in the crosslinked compound) 
be in a range from 0.0001 to 5 both Inclusive. Similarly, as to a ratio of the electrolyte salt to the siloxane derivative, it is 

40 preferable that a ratio of the number of moles of the electrolyte salt to the number of moles of the ether linkage unit in 
tile siloxane derlvarive (the number of moles of tiie electrlyte salt/the number of moles of tiie etiier linkage unit in tiie 
siloxane derivative) be in a range from 0.0001 to 5 both inclusive. This is because high Ion conductivity can be obtained 
if the ratio is in this range. 

[0045] The number of moles of the ether linkage unit In 1 mol of the diester compound conresponding to Chemical 
45 Formula 1 is given by ( 1 +x+y ) mol. The number of moles of the etiier linkage unit in 1 mol of the copolymer conrespond- 
ing to Chemical Formula 6 is given by {l+(1+1+2)xj+(1+1)xk } mol. 

[0046] The electrolyte with the structure described above can be produced as follows, using the following com- 
pound for the electrolyte. 

[0047] Firstly, a compound for the electrolyte is prepared. The compound for the electrolyte includes crosslinkable 
so compounds having etiier linkages and functional groups capable of forming crosslinks, a high-molecular compound and 
electrolyte salt. The high-molecular compound and tiie electrolyte salt are as have been described above. For example, 
tiie high-molecular compound Is a siloxane derivative and ttie electrolyte salt is at least one kind of lithium salt. 
[0048] The crosslinkable compounds are crosslinked to form a crosslinked compound having a three-dimensional 
network structure. The crosslinkable compounds may be normal chain compounds, comb compounds or tiie mixture 
55 tiiereof, which may have side chains. So long as ttie crosslinkable compound has a linear atom arrangement at least In 
part, tile crosslinkable compound may be a chain compound or a compound having a cyclic atom arrangement at least 
in part of the main chain or a side chain. Furthermore, It is sufficient tiiat each crosslinkable compound has at least one 
functional group capable of forming a crosslink; ttiere Is no limit concerning Uie numbers or positions of tiie functional 
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2! l^^^ compounds are comb compounds, each crosslinkable compound may have a functional group capa- 

TJr^lT^ r "? ^* ^"''^ ^«"kab'« compounds may be polyfunctional. living more 

than three functional groups capable of forming crosslinks. 

I!!!^- crosslinkable compound may have any functional groups as the functional groups capable of forming 

mLSp'^r^' h"" "^"^ ^ "^^"9 ^ ^"'"P- Ani°"9 ^^^r compounc^ 

^e a qionpester cpmpound. a d.ester compound.a triester compound or a compound having four or more ester link- 
ages Moreover, the crosslinkable compounds may include a plurality of kinds of compounds different from each other 
regarding the number of the functional groups capable of fomiing crosslinks. The crosslinkable compounds may include 

[00501 Examples of the crosslinkable compounds are a diester compound corresponding to a general fonnula 

^^esLnd nTto'^rT . *° ^ ^'"^"^ ^^-"'^ '=^^™'« 3- " the diester compound 

Z^^lsTST. 7 ^ 2 in «<«ftlon to the diester compound corrSponding to Chemical R,r- 

r^riLTfh^ for the purpose of fomiing a free-end side chain including an ether linkage when being crosslinked as 
2rnS<S^r- "^H?^"' ^^^'^^^.'^''^ °* "'°"°«^ter compound to the diester compound (monoester^^^ 
pound/diester compound) b preferably in a range from 0 exclusive to 5.0 inclusive. On the ottier hand if the triSr 
compound corresponding to Chemical Formula 3 is utilized, it is preferable that the crosslinkable com^ld Vncl^d^^^^ 
ChemSl^Forura *° ^ " ^^^^ to the tnester compound Srresp^ndinrt^ 

Seal f^Tmllr^^^rf 1 "'f T^^^ ^ '"'^'"'^'"9 ^t^'^t"'^' corresponding to 

toc^sr^ut"?^^^^^^^^ 

ibS ^y.A'^l^TT crosslinkable compounds and the high-molecular compound is as has been described 
above that .s. tf the h.gh-molecular compound is a siloxane derivative, it is desirable that the crosslinkable compound 

descnbed above, as to a rat.o of the electrolyte salt to the crosslinkable compound, it is preferable that a rZ^ tS 
number of motes of the electrolyte salt to the number of moles of the ether linkage unit of the crosslintebte Z^wunS 

be narange from 0.0OT1 toSboth inclusive. Astoaratio of the electrolyte satt^ 

Jaarato of the number of moles of the electrolyte salltothe number of moles of the eft^^ 

der««r«« (the number of moles of the electrMesaltmie number of moles of the ether linkage S 

ative) be in a range from 0.0001 to 5 both inclusive. siioxane denv- 

[0053] Next frie crosslinkable compounds having ether linkages and functfonal groups capable of tormina 
crosslink ttie high-molecular compound and the electrolyte salt are mixed to become a un to^ mfaSre A poSen^ 
to^TZ ? -^"^ polymerization initiator is needed except when t^e poC^o"^ tper- 

SrStTiir °' " ^^'^ -'"^ ^ Po^er^-onXtor and a^''^. 

[0054] Among optical polymerization initiators are acetophenone. trfchtoroacetophenone. 2-hydroxy-2-methvl oro- 
piophenone. 2-hydroxy-2-methyl isopropfophenone. 1-hydraxycyclohexylketone. benzolso;theT2 2<liemoZ^ 
SatoTsU". "^"^ POlymerfeatfon inirs ar^ high-temSure P^C^Z 

mitiators such as cumene hydroperoxide, tert-butylhydroperoxide. dicumyl peroxide and di-tert-butyl perSdTinifeZ 
such as benzoyl peroxide, lauroyi peroxide, persulfate and azobisisobutyronltnle. and a redox inS^Z irt or 
or more sorts of these polymerization initiators may be mixed In use •* reoox ininaior. une sort, or two 

[0055] A polymerization initiator is added in a range from 0.1 to 1.0 part by weight to 100 parts bv weiaht of the 
crosslinkable compound having ether linkages and functional groups capable ^ fomSng cr<Sinte Ifl XeriTa 

SlTot^rTKL''' M "/l*^" ^ P^ly^^^i^fon speed falls remarkably. On thelSer hand S rioro 

man 1 .0 part by weight of the polymerization initiator is added, no change in effect is observed. 

Jl^"' ^" 3" etectron ray. X-rays, a gamma ray, microwave, or a high-frequency discharge is 

Sltlt ^ TT^' °' ^''^^"^"^^'y "^^'^ « heated. Thus the crosslinkable compound Jro^^Z^ 
Thereby the electrolyte according to the present embodiment is prepared Pcymerized. 

the crosslinkable compounds, the high-molecular compound and electrolyte salt proper 
after polymermng. Alternative^, the crosslinkable compounds may be polymerized after preparing S^'rXn 
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drying the mixture and removing the organic solvent. 
[0058] This electrolyte also can be prepared as follows. 

[0059] Crosslinkable compounds having ether linkages and functional groups capable of forming crosslinks, the 
high-molecular compound and electrolyte salt are used as in the previous production process. The crosslinkable com- 

5 pounds and the high-molecular compound are mixed. A polymerization initiator is added if needed. Then, the crosslink- 
able compounds are polymerized as in the previous preparing process, and the mixture of a compound in which the 
crosslinkable compounds are crosslinked by crosslinking groups and the high-molecular compound Is formed. After 
that, electrolyte salt is dissolved in the organic solvent and penetrated into the mixture. Then the organic solvent Is dried 
and removed. Thereby, the electrolyte according to the present embodiment is obtained. 

10 [0060] The conditions of the polymerization reaction in each of the above-mentioned production process are not 
particularly limited. However, the polymerization reaction by the ultraviolet ray irradiation or the heating polymerization 
is desirable In view of the simple equipment and a low cost. When producing an electrolyte used for a lithium battery 
using alkali metal ion, a lithium ion battery, and a sodium battery, it is preferable that the compounds for the electrolyte 
(namely, the crosslinkable compounds, the high-molecular compound and alkali metal salt), the solvent for mixing these 

15 compounds for the electrolyte and the polymerization initiator be fully dehydrated. It is also preferable that the atmos- 
phere during the production be kept in low humidity. Thte is because some kinds of alkali metal salt is decomposed by 
reacting with moisture, and because alkali metal and moisture react intensely in the negative electrode when used In a 
battery. 

[0061] The electrolyte prepared in this way is used for a battery as follows. Description given below with reference 

20 to the drawing relates to an example of a secondary battery using lithium. 

[0062] Fig. 1 shows a cross-sectional structure of a secondary battery using the electrolyte according to the 
present embodiment. The battery shown in Fig. 1 is a so-called paper type. In the secondary battery, a negative elec- 
trode 11 and a positive electrode 12 are laminated with the electrolyte 13 according to the present embodiment in 
between. Insulating packing 14 is placed on the side faces of the negative electrode 11. the positive electrode 12, and 

25 the electrolyte 1 3. The negative electrode 1 1 , the positive electrode 1 2 and the electrolyte 1 3 are sealed by pasting the 
insulating packing 14 onto the circumferential edges of a pair of coating materials 1 5 and 1 6 which are placed to sand- 
wich the negative electrode 1 1 and the positive electrode 12 in between. 

[0063] The negative electrode 1 1 contains metal, alloy or carbon materials that can occlude and eliminate lithium 
metal or lithium ion, for example. This carbon material is prepared at a predetermined temperature and in a predeter- 

30 mined atmosphere. Examples of the carbon materials are heat decompositfon carbon, coke such as petroleum coke or 
pitch coke, artificial graphites, natural graphites, carbon black such as acetylene black, glass-like carbon, an organic 
polymer-material calcine, or a carbon fiber The organic polymer-material calcine is obtained by calcinating an organic 
polymer material at an appropriate temperature of 500°C or above in an inactive gas atmosphere or in a vacuum. 
[0064] The positive electrode 12 contains, for example, the metal sulfide or the oxide, which does not contain llth- 

35 ium, such as TiS2, M0S2, NbSe2, or V2O5 or a lithium compound sulfide or a lithium compound oxide containing lithium, 
as a positive electrode active material. In particular, in order to increase energy density, it is desirable that the positive 
electrode 1 2 include the lithium compound oxide whfeh contains mainly Ll^ MO2, wherein M is one or more kinds of tran- 
sition metals and preferably at least one among cobalt (Co), nickel (NO and manganese (Mn), and where x is usually a 
value within the range of O.OSSx^l .10. Examples of the lithium compound oxides are LiCo02. LiNi02. Lix Niy Coi.y O2 = 

40 (wherein x and y usually vary in the range of 0<x<1 and 0.7<ysi respectively depending on the charge and discharge 
condition of a battery), and LiMn204. 

[0065] The lithium compound oxide Is prepared in the following way: carbonic acid salt, a nitrate, an oxide or hydrox- 
ide of lithium, and carbonic acid salt, a nitrate, an oxide or hydroxide of a transition metal are pulverized and mixed 
according to desired composition and calcinated in an oxygen atmosphere at the temperature within the range of 600 
45 to 1000X. 

[0066] The electrolyte 1 3 contains lithium salt as electrolyte salt. In addition, the electrolyte 1 3 also serves as a sep- 
arator In this secondary battery That Is. the negative electrode 1 1 and the positive electrode 1 2 are isolated by the elec- 
trolyte 13 so that lithium ions are passed through the electrolyte 13 while two poles are prevented from the short caused 
by the contact. In addition, a separator, not shown, may be provided between the negative electrode 1 1 and the elec- 
50 trolyte 13, between the positive electrode 12 and the electrolyte 13, or into electrolyte 1 3 if needed. Among the separa- 
tors are one made of a nonwoven fabric made from synthetic resins such as polytetrafluoroethylene, polypropylene, or 
polyethylene, one made of a ceramic film, and one made of a porous thin film. 
[0067] The secondary battery with the structure described above acts as follows. 

[0068] When the secondary battery is charged, lithium is dissociated as ions from the positive electrode 12, and 
55 occluded to the negative electrode 1 1 through the electrolyte 13. Then, if the secondary battery is discharged, lithium 
is dissociated as ions from the negative electrode 1 1 and the ions return to the positive electrode 12 through the elec- 
trolyte 13 and are occluded to the positive electrode 12. The electrolyte 13 comprises a compound in which compounds 
having ether linkages and crosslinking groups are crosslinked by the crosslinking groups; the three-dimensional net- 
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ZlLt""^? -^f^! """P^*""^ high-molecular compouncte and lahium ions. Thus the electrolyte 13 is 

SmSunds'^aSeSS Su'^rJ S^^/ '^"''"^ '° "^^^"^ « in which 

compounds naving ether linkages and crosslinking groups are crosslinked by the crosslinkinq arouDs and a hioh mnior 

SrJSi Lf' *:«r""'"r'°""' hereof can be compatible with rSToSarTm^nd 

Sn^ S^h"^^ '° P^^"^ ^'"'^""^"t formed into^Sn wlgrea' 

teolyte. the electrochemcal device with high performance can be obtained easiV. 
' ShighsrrSu''^^^'"'^"^^^^ 

Se ^und?a^l'„' Tr"*" ? '"^'^ embodiment includes a crosslinka- 

S„ . ^"^"""S '° P'^"' embodiment can be obtained easily. ^ 

[0074] Description is now made in further detail of specific examples of the present invention. 
(Example 1) 

[00771 The film of thfe electrolyte was clipped into the shape of a disit with the area of n rsviA ^ ti,» ^ 
(Example 2) 

(Example 3) 
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(Example 4) 

[0080] An electrolyte was produced as In Example 1 but with 1 .33 parts by weight of the polyethylene glycol dimeth- 
acrylate corresponding to Chemical Formula 10 and 2.66 parts by weight of the methoxy-polyethylene glycol mono- 
5 methacrylate corresponding to Chemical Formula 1 1 . Ion conductivity of this electrolyte was measured as In Example 
1 . The result is also shown In Table 1 . 

(Example 5) 

10 [0081] An electrolyte was produced as in Example 1 but with 0.083 parts by weight of the polyethylene glycol 
dimethacrylate corresponding to Chemical Formula 10 and 0.166 parts by weight of the methoxy-polyethylene glycol 
monomethacrytate conresponding to Chemical Formula 11. ion conductivity of this electrolyte was measured as in 
Example 1 . The result Is also shown in Table 1 . 

15 (Example 6) 

[0082] An electrolyte was produced as in Example 1 but with 4 parts by weight of the triacrylate compound conre- 
sponding to Chemical Formula 12 as a crosslinkable compound, instead of the polyethylene glycol dimethacrylate cor- 
responding to Chemical Formula 10 and the methoxypolyethytene glycol monomethacrylate corresponding to Chemical 
20 Formula 1 1 . Ion conductivity of this electrolyte was measured as In Example 1 . The result Is also shown In Table 1 . 

(Example 7) 

[0083] An electrolyte was produced as in Example 1 but with 1 part by weight of the triacrylate compound corre- 
25 ' spending to Chemical Formula 12. instead of the polyethylene glycol dimethacrylate correspondirig to Chemical For- 
mula 10 and the methoxy-polyethylene glycol monomethacrylate corresponding to Chemical Formula 11. Ion 
conductivity of this electrolyte was measured as in Example 1 . The result is also shown in Table 1 . 

(Example 8) 

30 

[0084] An electrolyte was produced as in Example 1 but with 0.25 parts by weight of the triacrylate compound cor- 
responding to Chemical Formula 12, instead of the polyethylene glycol dimethacrylate corresponding to Chemical For- 
mula 10 and the methoxy-polyethylene glycol monomethacrylate corresponding to Chemical Formula 11. Ion 
conductivity of this electrolyte was measured as in Example 1 . The result is also shown in Table 1 . 

35 

(Example 9) 

[0085] First, the siloxane derivative corresponding to Chemical Formula 9 and lithiumbis imide were mixed so that 
a ratio of the number of moles of lithiumbis imide to the mole number of moles of ether linkage unit in the siloxane derlv- 
40 ative (the number of moles of lithium salt/the number of the ether linkage unit in the siloxane derivative) was 0.06, 
thereby regulating the mixture of the siloxane derivarive. 

[0088] Then, a solki-state random copolymer having the number average molecular weight of 820000 was pre- 
pared as a crosslinkable compound. The copolymer included 20.6 mol% of a structural unit corresponding to Chemical 
Formula 13 shown later, 77.5 m6I% of a structural unit corresponding to Chemical Formula 14 and 1 ,9 mol% of a struc- 
45 tural unit corresponding to Chemical Formula 15. The copolymer and lithiumbis imide were mixed so that a ratio of the 
number of moles of lithiumbis Imide to the number of moles of the ether linkage unit in the copolymer (the number of 
moles of lithium salt/the number of moles of the ether linkage unit in the copolymer) was 0.06, thereby regulating the 
mixture of the copolymer. 

[0087] Next, the mixture of the siloxane derivative and the mixture of the copolymer were mixed in acetonitrile so 
50 that a weight ratio of the mixture of the siloxane derivative to the mixture of the copolymer (the mixture of the siloxane 
derivative/the mixture of the copolymer) was 5/5. Then, 2,2-dimethoxy 2.2'-phenylacetophenone as a polymerization 
initiator was added to form a mixture solution. 

[0088] After regulating the mixture solution, the mixture solution was applied uniformly to the substrate made of 
Teflon and subjected to vacuum drying at 25 ^C. After that, the ultraviolet ray was irradiated with emW/cm^ of light quan- 
55 tity in the air at 25*'C for 20 minutes for the polymerization reaction. Then, the mixture was dried at 60^C under a 
reduced pressure for six hours. The electrolyte produced was 100)xm thick. Ion conductivity of this electrolyte was 
measured as in Example 1 . The result is shown in Table 2 later. 
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(Example 10) 



S« o thP ^^^r^ prepared as .n Example 9 except that the mixture of the siloxane derivative and the mix- 
tare of the copolymer were moced so that a weight ratio of the mixture of the siloxane derivative to the mbcture ofTe 
copolymer (the moctureofthesiloxanederivative/thembctureoftheco^^^^ 

trolyte was measured as in Example 1. The result is also shown in Table 2. nconaucnvnyoitniseiec- 
(Examplell) 

ture of the copolymer were moced so that a weight ratio of the mixture of the siloxane derivative to themtoure ofTp 
trolyte was measured as in Example 1. The result is also shown in Table 2. wnaucuvnyoimiseiec 
(Comparative Example) 

£^l!m«t^7.r"^^'"* '^"^ *° ^P'« » *° "- An electrolyte was prepared as in Example 9 
^Sl^ ^"'T'^ °' ^ """^ '"^"S -"Wure of the sSoxLe d^SvT^'Sn 

5. elec^lyte was measured as in Example 1 . The result is also shown in Table 2. 
10092] The results of Examples 1 to 8 and Examples 9 to 11 show that the elertrolytes prepared in Examoles all 
achi^ me «,nconductn,ity of 1x10-5 S/cm or more and have suffid^^^ 

S^^S.^ pTTf K ' V"™" ^-"P^*^ ^Pte show that the ion conductMty achie^^ me e^oS 
of Bcarnpte 9 to 1 1 is higher than the ton conductivity achieved by the electrolyte of Compara^ BcamotrJ n^!fr 

=rdS^^^^^^^^^^^ 
s=t^rg~ 

wh ji compounds having ether linkages and crosslintang groups are cLLed ^* « ^^'^ 

£r!5.,„Hc above-mentioned embodiment, specific description has been given with respect to ester 

^(tHowe,,,,a|wolherhl9h*>«soute,aa,po„mteeap««o(di»oMnoan«^^ 

nvennon lor a capacitor or others, a basic group salt such as ammonium salt may be used as an electrolyte 
[00991 AS explained above, according to the compound for the electrolyte of the present invention, the compound 
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for the electrolyte comprises a crossiinkable compound having an ether linkage and a functional group capable of form- 
ing a crosslink, and a high-molecular compound. It is therefore possible to obtain the electrolyte of the present Invention 
through polymerization. This has an advantage that an electrolyte exhibiting high ability to be formed into films and 
achieving high ion conductivity is easily obtained. Furthermore. If a crossiinkable compound includes a compound hav- 
ing at least one free end having no functional group capable of forming a crosslink and having an ether linkage, a free- 
end side chain having an ether linkage is formed though polymerization, making it possible to obtain even higher Ion 
conductivity. 

[0100] According to the electrolyte of the present invention, the electrolyte includes a compound in which com- 
pounds having ether linkages and crosslinking groups are crosslinked by the crosslinking groups, and a high-molecular 
compound. The three-dimensional network structure thereof is compatible with the high-molecular compound and elec- 
trolyte salt. This enables high ability to be fbnmed into films of great film strength, while increasing ion conductivity. Thus, 
if an electrochemical device is produced using this electrolyte, a high-performance electrochemical device can be 
obtained easily. Even higher ion conductivity can be obtained if the crosslinked compound has a free-end side chain 
Including an ether linkage, or if the crosslinked compound has a structure in which the monoester compound corre- 
sponding to Chemical Formula 2 are crosslinked, or alternatively, if the crosslinked compound has a structure in which 
copolymers including structural units corresponding to Chemical Formula 4 are crosslinked by crosslinking groups. 
[0101] According to the process for producing the electrolyte of the present invention or another process for pro- 
ducing the electrolyte of the present invention, the crossiinkable compounds having ether linkages and functional 
groups capable of forming crosslinks and the high-molecular compound are mixed, and then the crossiinkable com- 
pounds are polymerized. Therefore, the electrolyte of the present invention can be obtained easily. 
[0102] According to the battery of the present invention, the battery uses the electrolyte of the present invention. 
This contributes both to high ability to be formed into films of great film strength and to high Ion conductivity, making it 
possible to produce the battery with the high performance though an easy process. 

[0103] Obviously many modifications and variations of the present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the scope of the appended claims the invention may be practiced 
otherwise than as specifically described. 
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( Chemical Formula 1 ) 

CH2=C -C -0-(-CH2CH20H5^CH2CHO-J^C -C=CH2 

/wherein ^Ri. Rl and Ra are a hydrogen atom or an alkyr 
/ group of carbon nimiber 1 to 6. and where x ^ 1 and 
X^S' and ySl both x and y being integers. 

\ Ri, R2 and Ra may be : (i) all the same, (ii) different 
\ from one another, or (iii) one of the three is different 
\rrom the other two. 

( Chemical Formula 2 ) 

R4 0 / Rg V 

CH2=C-C ~0-(-CH2CH20-35^CH2CHO-JLr6 

(wherein R4. Rs and R6 are a hydrogen atom or an alkyf 
group of carbon number 1 to 6. and where XSl and 
\ Y being integers. 
R4. Rs and Re may be : (i) all the same, (ii) different 
from one another, or (lii) one of the three is different 
from the other two. 



( Chemical Formula 3 ) 

/ CHa \ 0 R7 
CH2~0-f-CH2CH20-^-CH2CHO-JL{! 



CH2 



CHa \ O Rb 



CH— 0-(- CH2CH204^CH2CH0-;L-c — C =CH2 



/ CHa \ O R9 
CH2-0-(-CH2CH20-^CH2CHO--;Lc ~c =CH^ 

(wherein R7. Rs and Rg are a hydrogen atom or an alkyf 
group of carbon number 1 to 6, and where p S 1 and 
S?Ro°LS\« ^•i??"'.? i"^ integers. 

R9 may be : (i) all the same, (ii) different 
from one another, or (ui) one of the three is different 
from the other two. 
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( Chemical Formula 4 ) 

-(-CH2CH0-^ 
I 

CH2 

I 

O-(-CH2CH2O-^Rl0 

wherein Rio is at least either an alkyl group of carbon \ 
number 1 to 12, an alkenyl group of carbon number \ 
2 to 18, a cycloalkyl group of carbon number 3 to 8, \ ^ 
an aryl group of carbon number 6 to 18, an aralkyl j 
group of carbon number 7 to 12 or a tetrahydropyranyl j 
group, and where h is an integer and l^h^l2. Rio may/ 
be the same in all the structural units, or different from / 
^one structural unit to another. / 

( Chemical Formula 5 ) 

4-CH2CH0~)- 
I 

Rli 

/ wherein Ri i is (i) at least either an active hydrogen \ 
/ group or a functional group having an unsaturated double \ 
/ bond, or (ii) at least either an active hydrogen group or \ 
j a functional group having an unsaturated double bond, and ] 
I at least either a hydrogen atom, an alkyl group, an alkenyl 
\ group, a cycloalkyl group or an aryl group. Rii may be / 
\ the same in all the structural units, or different from one / 

\ structural unit to another. / 



( Chemical Formula 6 ) 



-f-CH2CH2O^-f-CH2CH0-)r 

I ' 
CH2 



-eCHzCHO^^ 



0-f-CH2CH20-^CH3 



CH2 

I 

0 — CH2CH = CH2 



(wherein i, j and k is an integer greater than or equalN 
to 1. J 



13 



EP 1 024 502 A1 



( Chemical Formula 7 ) 

CH3 CHa 

CH3— Si— 0~Da — D'b— Si— CHa 
I I 
CH3 CHa 



CHa 

I 

D = — Si— 0— 
I 

CHa 



CHa 

D*=— Si— O— 
I 

CH2— CH2— CH2— 0H-CH2— CH2— 0-)sn^CH— CH2— O 



'-impCH — CH2— O-J 
\ CHa , 



^^^^^ 9 ^ 100' ^ is an integer of \ 
n £ inn' i^o*" integer of 0 to 100. n is an integer of ^ 
f* K-J?"V?^^ IS a hydrogen atom or an alkyl group. 
If b > 1. D may be : (j) all the same, (ii) different 
from one another, or (iii) some of D' are the same. The 
hydrogen atom contained in D' and R? may be replaced 
by a halogen atom. 



( Chemical Formula 8 ) 
AB 

(wherein A is a cation and B is an anion.) 
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( Chemical Formula 9 ) 

CH3 /CH3 \ /CH3 \ CHa 

CH3— Si— Of-Si— o4f-Si— Ot 4- Si— CHa 

' V ' A ' / ' 

CHa \CH3 >^o\CH2CH2CH20(CH2CH20)ioCH3/g CHs 



( Chemical Formula 10 ) 

CH3 O O CH3 

I II , II I 

CH2= C — C — 0 CH2CH20-)3- C — C = CHa 

( Chemical Formula 11 ) 

CH3O 
i II 

CH2=C — C— 0-f-CH2CH20-)^CH3 



(Table 1) 





amount of crossHnkable compounds added (parts by weight) 


ion conductivity 
(mS/cm) 




dimethacrylate com- 
pound corresponding 
to Chemical Fonnula 
28 


monomethacrylate 
compound conrespond- 
ing to Chemical For- 
mula 29 


triacrylate compound 

corresponding to 
Chemical Formula 30 




Example 1 


2 


2 




0.15 


2 


0.5 


0.5 




0.22 


3 


0.125 


0.125 




0.43 


4 


1.33 


2.86 




0.23 


5 


0.83 


0.166 




0.51 


6 






4 


0.016 


7 






1 


0.067 


8 






0.25 


0.31 
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( Chemical Formula 12 ) 

/ CH3 \ O H 
CH2-0-^CH2CH20-^CH2CHO-4-C--C=CH2 

/ CH3 \ O H 
CH~0-f-CH2CH20-^CH2CHO-^C-C=CH2 



/ CH3 \ 0 H 
CH2-0-^CH2CH2(>^CH2CHO-t1j-C -c == 



( Chemical Formula 13 ) 

-^CH2CH0-4- 
I 

CH2 

I 

0-e-CH2CH20^CH3 

( Chemical Formula 14 ) 
-f-CH2CH20-4- 

( Chemical Formula 15 ) 
-f-CH2CH0-^ 
I 

CH2 
I 

O — CH2CH = CH2 



CH2 



(Table 2) 





mixture ratio (weight ratio) 
mixture of siloxane deriva- 
tive/ mixture of copolymer 


ion conductivity (mS/cm) 


Examples 


5/5 


0.156 
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(Table 2) (continued) 





mixiure raiio (weigni raiio^ 
mixture of siloxane deriva- 
tive/ mixture of copolymer 


ion conductivity (mS/cm) 


10 


2.5/7.5 


0.385 


11 


7.5/2.5 


0.0958 


Comparative Example 


0/1 


0.0103 



Claims 

1 . A compound for an electrolyte, the compound comprising: 

a crosslinkable compound having an ether linkage and a functional group capable of forming a crosslink; 
a high-molecular compound; and 
electrolyte salt. 

2. A compound for an electrolyte according to claim 1, wherein the crosslinkable compound includes one or more 
kinds of compounds having at least one functional group capable of forming a crosslink. 

3. A compound for an electrolyte according to claim 1 , wherein the crosslinkable compound includes a compound at 
least one free end having no functional group capable of forming a crosslink and including an ether linkage. 

4. A compound for an electrolyte according to claim 1. wherein the crosslinkable compound includes an ester com- 
pound. 

5. A compound for an electrolyte according to claim 4, wherein the crosslinkable compound includes at least either a 
monoester compound, diester compound or triester compound. 

6. A compound for an electrolyte according to claim 5. wherein the crosslinkable compound includes a diester com-: 
pound corresponding to Chemical Formula 1 8 shown hereinlater. 

7. A compound for an electrolyte according to claim 6. wherein the crosslinkable compound further includes a 
monoester compound corresponding to Chemical Formula 17 shown hereinlater. 

8. A compound for an electrolyte according to claim 7. wherein a weight ratio of the monoester compound to the 
diester compound (monoester compound/diester compound) is in a range from 0 exclusive to 5.0 inclusive. 

9. A compound for an electrotyte according to claim 5. wherein the crosslinkable compound includes a triester com- 
pound corresponding to Chemical Formula 18 shown hereinlater. 

10. A compound for an electrolyte according to claim 1 , wherein the crosslinkable compound is a copolymer including 
a structural unit corresponding to Chemical Formula 19 shown hereinlater and a structural unit corresponding to 
Chemical Formula 20 shown hereinlater. 

11 . A compound for an electrolyte according to claim 1 . wherein as to a ratio of the electrolyte salt to the crosslinkable 
compound, a ratio of the number of moles of electrolyte salt to the number of moles of an ether linkage unit in the 
crosslinkable compound (the number of moles of the electrolyte salt/the number of moles of an ether linkage unit 
In the crosslinkable compound) Is in a range from 0.0001 to 5 both inclusive. 

12. A compound for an electrolyte according to claim 1, wherein the high-molecular compound includes a siloxane 
derivative corresponding to Chemical Formula 21 shown hereinlater. 

13. A compound for an electrolyte according to claim 12, wherein as to a ratio of the electrolyte salt to the siloxane 
derivative, a ratio of the number of moles of the electrolyte salt to the number of moles of an ether linkage unit in 
the siloxane derivative (the number of moles of the electrolyte salt/the number of moles of an ether linkage unit in 
the siloxane derivative) is in a range from 0.0001 to 5 both Inclusive. 
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10 



15 



16. *""P»Mk.-anerscmiWac«MI„g»cl.tal,w>,„,l,ft.*cl^ 

17. An electrolyte comprising: 

^rSJnTg glS'"" '^'^"^ ^'^^ ^ 9-"PS - crosslinked ^ the 

a high-molecular compound; and 
electrolyte salt. 



one or more kinds 



25 



30 



35 



40 



45 



50 



55 



pound/diester compound) Is In a range from 0 exclusive to 5 0 inciiKh/o ° ^ ^ compound (monoester com- 
.gtoChen,ica.For.u,a26sHLhrn,ara;^^^^^^^^ 

pound (the number of moles of theei^rt,«ro k f ^ ^""^^ """^^e unit in the crosslinked com- 

oompound) is in a range frfm aS^o^to st^ "Zive °' ^ ''""^ '^°^«""«'' 

""•^^nSss^^chrr^^^^^ 

(the number of moles of the elecl^o^e Sl^nllr 0!^^^^^^^ f "V"'^^ ^ derivative 

is in a range from 0.0001 to 5 both SSJhT ^^^^ ^'^^^ derivative) 
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30. An electrolyte according to claim 28, wherein the crosslinked compound is included in a range from 10 to 10000 
parts both inclusive by weight to 100 parts by weight of the siloxane derivative. 

31 . An electrolyte according to claim 28, wherein an average molecular weight of the siloxane derivative is smaller than 
or equal to 100000. 

32. An electrolyte according to claim 17, wherein the electrolyte salt is lithium salt. 

33. A process for producing an electrolyte, wherein a crossllnkable compounds having ether linkages and functional 
groups capable of forming crosslinks, a high-molecular compound, and electrolyte salt are mixed, and the 
crossllnkable compounds are crosslinked. 

34. A process for producing an electrolyte according to claim 33, wherein the crossllnkable compounds are crosslinked 
by irradiating ultraviolet rays, electron beams. X rays, gamma rays, microwaves or high-frequency discharge. 

35. A process for producing an electrolyte, wherein crossllnkable compounds having ether linkages and functional 
groups capable of forming crosslinks, and a high-molecular compound are mixed, and the crosslinkable com- 
pounds are crosslinked, and then electrolyte salt is added. 

36. A process for producing an electrolyte according to claim 35, wherein the crosslinkable compounds are crosslinked 
by irradiating ultraviolet rays, electron beams. X rays, gamma rays, microwaves or high-frequency discharge. 

37. A battery comprising a positive electrode and a negative electrode, and an electrolyte. 

wherein the electrolyte comprises a compound in which compounds having ether linkages and crosslinking groups 
are crosslinked by the crosslinking groups, a high-molecular compound, and electrolyte salt. 

38. A battery according to claim 37. wherein the crosslinked compound has a structure in which one or more kinds of 
compounds, each having at least one crosslinking group, are crosslinked by the crosslinking group. 

39. A battery according to claim 37. wherein the crosslinked compound Includes a free-end side chain including an 
ether linkage. 

40. A battery according to claim 37. wherein the crosslinked compound has a structure in which ester compounds are 

crosslinked by crosslinking groups. 

41. A battery according to claim 40. wherein the crosslinked compound has a structure In which at least either 
monoester compounds, diester compounds or triester compounds are crosslinked by crosslinking groups. 

42. A battery according to claim 41 . wherein the crosslinked compound has a structure in which diester compounds 
corresponding to Chemical Fbmiula 28 shown hereinlater are crosslinked by crosslinking groups. 

43. A battery according to claim 42. wherein the crosslinked compound has a structure in which monoester compounds 
con^ponding to Chemical Formula 29 shown hereinlater are crosslinked by crosslinking groups. 

44. A battery according to claim 43. wherein the crosslinked compound Includes a structure In which diester com- 
pounds are crosslinked by crosslinking groups and a structure In which monoester compounds are crosslinked by 
crosslinking groups so that a weight ratio of the monoester compound to the diester compound (monoester com- 
pound/diester compound) is in a range from 0 exclusive to 5.0 inclusive. 

45. A battery according to claim 41 , wherein the crosslinked compound has a structure in which triester compounds 
corresponding to Chemical Formula 30 shown hereinlater are crosslinked by crosslinking groups. 

46. A battery according to claim 37, wherein the crosslinked compound has a structure in which copolymers including 
structural units corresponding to Chemical Formula 31 shown hereinlater and structural units corresponding to 
Chemical Formula 32 shown hereinlater are crosslinked by crosslinking groups. 

47. A battery according to claim 37, wherein as to a ratio of the electrolyte salt to the crosslinked compound, a ratio of 
the number of moles of electrolyte salt to the number of moles of an ether linkage unit in the crosslinked compound 
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!. A battery according to daim 37. wherein the electrolyte salt is lithium salt 
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( Chemical Formula 16 ) 



Ri 0 / R2 \ 0 R3 

CH2=C — C — 0-^CH2CH20%\-CH2CH0-/^C ~C =CH2 

f wherein Ri, R2 and R3 are a hydrogen atom or an \ 
( alkyi group, and where x ^ 1 and y ^ 0. or x ^ 0 and ) 
\y^l, both X and y being integers. J 



( Chemical Formula 17 ) 

R4 0 / 



rVCH2CH0-y- 



CH2=C — C — 0-<-CH2CH20^5^CH2CHO-y;^R6 

ir an \ 
^0 and) 



( wherein R4, Rs and Re are a hydrogen atom or an 
[ alkyl group, and where X S 1 and Y ^ 0, or X 
\^Y^1, both X and Y being integers. 



( Chemical Formula 18 ) 
CH2— 0-(-CH2CH20-^ 




CH — 0-f-CH2CH20 



/ CH3 \ 0 R8 

i II i 

-)^CH2CH0-^C — C = GHz 

/ CH3 \ 0 R9 

I. II I 

3-V- CH2CH0-/— c — c = ( 



CH2— 0-{- CH2CH20-^-V- CH2CHO-/— C — C = CH2 

P * 'q 

(wherein R7, Re and R9 are a hydrogen atom or an \ 
alkyi group, and where p ^ 1 and q ^ 0. or p ^ 0 and ] 
q ^ 1, both p and q being integers. / 
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( Chemical Formula 19 ) 
-f-CH2CH0^ 

I 

CH2 
I 

0-(-CH2CH20~)i--Rio 



'wherein Rio is at least either an alkyl grouo an 
^ cycloalkyl group, an iyl g£ub 
an araUcyl group or a tetrahydropyranyl gfouo and 
, where h is an integer and 1 g hi 12 



( Chemical Formula 20 ) 
-(-CH2CHO-)- 

■ R11 

/wherein Rij is (i) at least either an active 
/ hydrogen group or a functional group havimr an 
/ unsaturated double bond, or (ii) at iM^t Ljrt,-^ 

active hydrogen group or°a functional g^oufhavhi 
\ unsaturated double bond, and at leaft eito a 

\ cvclSfwi ^i^- ^"^y^ alSnyl 'Soup!a 

\cycloalkyl group or an aryl group. a 
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( Chemical Formula 21 ) 

CH3 CHa 

I I 
CHa— Si — 0— Da — O'b — Si — CH3 

I I 
CHs CHa 



CHa 
I 

D = — Si— 0 — 
I 

CHs 



CHa 

I 

D'=— Si— O — 
I 

CH2 — CH2— CH2 — O CH2 — CH2 — O CH — CH2 — O 

\ CHa 

wherein a is an integer of 0 to 100. b is an integer of 
1 to 100. m is an integer of 0 to 100. n is an integer of 
0 to 100. and Riz is a hydrogen atom or an alkyl group. 
If b > 1. D' may be : (i) all the same, (ii) different 
from one another, or (iii) some of D' are the same. The 
hydrogen atom contained in D' and R7 may be replaced 
by a halogen atom. 
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( Chemical Formula 22 ) 

0 / R2 \ O R3 

CH2=C -C ~0-^CH2CH20-^CH2CHO-JL{| -CH2 
f ^^^^^^ R2 and R3 are a hydrogen atom or an \ 
\y^l, both X and y being integers. J 



( Chemical Formula 23 ) 

CH2=C -0 -04-CH2CH20^^CH2CHO-/y-R6 
/ wherein R4. Rs and Re are a hydrogen atom or an \ 



( Chemical Formula 24 ) 

/ CH3 \ 0 R7 
CH2~0-f-CH2CH20-^-CH2CHO-/— C - C =CH2 



/ CH3 \ O R8 
)4-CH2CH0-irC~C=( 



CH --O-^CH2CH204^CH2CH0-;^-C - C =CH2 

/ CH3 \ 0 R9 
CH2-0-^CH2CH20-)^CH2CHO-t|L{!__(1-cH2 

( nte^'" ^^/nd R9 are a hydrogen atom or an \ 
V and where p ^ 1 and q ^ 0. or p ^ 0 and ) 

\q^l. both p and q being integers. j 
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( Chemical Formula 25 ) 
-(-CH2CH0-f 
I 

CH2 

04-CH2CH20-)fpRlO 

(wherein Rio is at least either an alkyl group, an 
alkenyl group, a cycloalkyl group, an aryl group, 
an aralkyl group or a tetrahydropyranyl group, and 
where h is an integer and 1 ^ h ^ 12. 



( Chemical Formula 26 ) 



\ 



I 

R11 

wherein Rii is (i) at least either an active 
hydrogen group or a functional group having an 
unsaturated double bond, or (ii) at least either an 
active hydrogen group or a functional group having 
an unsaturated double bond, and at least either a 
hydrogen atom, an alkyl group, an alkenyl group, a 
cycloalkyl group or an aryl group. 
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( Chemical Formula 27 ) 

CH3 CH3 

CH3— a— O—Da — Db— SI— CH3 

CH3 CH3 



CH3 

I 

D = — Si— O— 
I 

CH3 



CH3 

I 

D=— Si— O— 
I 

CH2— CH2— CH2— 0-f-CH2— CH2— — CH2— O 

\ CHa 

' Y^^^Vk^^ integer of 0 to 100. b is an integer of 

n S iSS' " J^D^" ?^ ° *° 100. n is an integer of 

?* ^ 1 V?"** Ri2-»s a hydrogen atom or an alkyl group 
If b > 1. D may be : (i) all the same, (ii) different 
from one another, or (iu) some of D' are the same. The 
hydrogen atom contained in D* and Rt may be replaced 
by a halogen atom. 
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( Chemical Formula 28 ) 

Rl O / R2 \ O R3 

i 11 , I II I 

CH2=C ~C — 0-f-CH2CH20-asHr CH2CH0-t/^C --C =CH2 

( wherein Ri, R2 and R3 are a hydrogen atom or an N 
alkyl group, and where x ^ 1 and y ^ 0, or x ^ 0 and ) 
y S 1, both X and y being integers. J 



( Chemical Formula 29 ) 

R4 O / R5 \ 

CH2= C — C — O CH2CH20-35^ CH2CH0-y;p Re 

(wherein R4. Rs and Re are a hydrogen atom or an 
alkyl group, and where X ^ 1 and Y ^ 0. or X ^ 
Y ^ 1, both X and Y being integers. 

( Chemical Formula 30 ) 

/ CH3 \ O R7 

CH2— O-f-CH2CH20^-VCH2CHO--f-i! — C ==CH2 



an \ 
0 and) 



CH — O CH2CH20->-V- CH2CHO 



i 




I CH3 \ O R9 
H2— 0-f-CH2CH20-)-V-CH2CHO-J— (! — C =CH2 

(wherein R7, Rs and Rg are a hydrogen atom or an \ 
alkyl group, and where p ^ 1 and q ^ 0» or p ^ 0 and ) 
q ^ 1. both p and q being integers. y 
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( Chemical Formula 31 ) 
-f-CH2CH0-f 
I 

CH2 

0-<-CH2CH20 



(wherein Rio is at least either an alkyi group, an 
alkenyl group, a cycloalkyl group, an aryl group, 
an aralkyl group or a tetrahydropyranyl group, and 
where h is an integer and l^h^l2. 



( Chemical Formula 32 ) 

-(-CH2CH0-^ 
I 

Rli 

(wherein Rii is (i) at least either an active 
hydrogen group or a functional group having an 
unsaturated double bond, or (ii) at least either an 
acUve hydrogen group or a functional group havine 
an unsaturated double bond, and at least either a 
hydrogen atom, an alkyl group, an alkenyl group, a 
cycloalkyl group or an aryl group. 
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( Chemical . Formula 33 ) 

CH3 CH3 

CH3~Si— 0— Da— Db— Si— CH3 

I I 
CH3 CH3 



CH3 
I 

D = — Si— 0— 
I 

CH3 



CHa 

I 

D'=— Si — 0 — 

CH2-CH2-CH2-0-(-CH2-CH2-0-W-CH-CH2-0 

\ CHa 

(wherein a is an integer of 0 to 100^ is an integer of \ 
1 to 100. m is an integer of 0 to 100. n is an xn eger of > 
0 to 100. and Ri2 is a hydrogen atom or an atkyl group. 
K b > 1 b* may be : (i) all the same, (u) different 
f roSi one anffir. or (iii) some of D" are the same^ The 
hydrogen atom contained in D* and Rt may be replaced j 
by a halogen atom. 



1 
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